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(57) In a physical layer of each data transmission 
apparatus (1), a physical layer initialization process is 
performed in response to a reset exit process performed 
by their respective CPUs (4). Then, in a link layer of a 
master data transmission apparatus (1) and in a link lay- 
er of a data transmission apparatus (1) which operates 
in a normal mode, after the completion of the physical 
layer initialization process, a link layer initialization proc- 
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ess is performed in response to a reset exit process per- 
formed by their respective CPUs (4), and then the data 
transmission apparatuses (1) start data communication 
using their respective physical layers and link layers. On 
the other hand, a link layer of a data transmission appa- 
ratus (1 ) which operates in a bypass mode maintains its 
reset state, and the data transmission apparatus (1) 
transmits data using only its own physical layer by by- 
passing its own link layer. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a data trans- 
mission method, a data transmission system, and a data 
transmission apparatus. More particularly, the present 
invention relates to a data transmission method for data 
transmission apparatuses interconnected via transmis- 
sion paths in a ring configuration, for example, a data 
transmission system implementing such a method, and 
a data transmission apparatus. 

Description of the Background Art 

[0002] Transmission of Internet information or image 
information within an automobile or the like, as applied 
in car navigation or ITS (Intelligent Transport Systems) 
technology in recent years, requires large data transfers 
and fast communications. Communication methods for 
transmitting such digitized image and/or voice data, or 
digital data (e.g., computer data), are being studied vig- 
orously. There already exists practical implementations 
of networks for use in digital data transmission within an 
automobile or the like. Such an on-vehicle network 
adopts a ring topology as its physical topology. Specifi- 
cally, a plurality of nodes are connected in a ring topol- 
ogy forming a unidirectional ring-type LAN which inter- 
connects audio devices, navigation devices, information 
terminal devices, security devices, and the like in a uni- 
fied manner. One example of an information communi- 
cation protocol used in a ring-type LAN is MOST (Media 
Oriented Systems Transport). MOST not only defines a 
communication protocol but also refers to manners of 
constructing distributed systems. The data on a MOST 
network is transmitted on a frame-by-frame basis, such 
that frames are transmitted sequentially from node to 
node in one direction. 

[0003] In the case of a ring-type LAN provided inside 
an automobile, for example, the radiation noise from the 
LAN may cause malfunctioning of other electronic de- 
vices mounted in the automobile. On the other hand, ra- 
diation noise from such other devices should not hinder 
proper transmission. Therefore, in a conventional ring- 
type LAN which employs MOST, the nodes are typically 
interconnected via fiber-optic cables for optical commu- 
nication so as to improve noise immunity while prevent- 
ing electromagnetic waves from being generated. How- 
ever, inexpensive cables, such as twisted pair cables or 
coaxial cables, may also be used to perform electrical 
communication; there have been implementations of 
this technique (for example, a data transmission system 
disclosed in International Publication No. WO 02/30079) 
which realize a fast data transmission rate exceeding 
20 Mbps while reducing radiation noise and improving 
noise immunity. 



[0004] With reference to FIG. 6, a conventional data 
transmission system using electrical communication is 
described. FIG. 6 is a block diagram illustrating a con- 
figuration of the data transmission system. 

5 [0005] In FIG. 6, the data transmission system in- 
cludes data transmission apparatuses 101a to 101n of 
n stages, in which each node performs data transmis- 
sion and reception. The data transmission apparatuses 
101a to 101n are interconnected with each other in a 

10 ring configu ration via transmission paths 1 1 0 which con- 
sist of coaxial cables or twisted pair cables. Devices 
100a to 100n are connected to the data transmission 
apparatuses 1 01 a to 101 n, respectively. The connected 
devices 1 00a to 1 0On perform processing in accordance 

15 with data outputted from the data transmission appara- 
tuses 1 01 a to 1 01 n and output the results thereof to their 
respective data transmission apparatuses 101a to 
1 01 n. The data transmission apparatus 1 01 a acts as a 
master that sends data according to its own clock, while 

20 the data transmission apparatuses 1 01 b to 1 01 n act as 
slaves that establish clock synchronization by means of 
a lock signal for establishing clock synchronization to be 
received from the master. The data transmission appa- 
ratuses 101a to 101 n have substantially the same con- 

25 figuration. As a representative example, first, the con- 
figuration of the master data transmission apparatus 
101a and the flow of transmission/reception data therein 
will be described. 

[0006] The data transmission apparatus 101a in- 

30 eludes a transmitting/receiving section (physical layer) 
102a, a MOST controller (link layer) 103a, and a CPU 
1 04a. The transmitting/receiving section 1 02a has a re- 
ceiving section 121a and a transmitting section 122a. 
[0007] The data transmission apparatus 1 01 a outputs 

35 data to the data transmission apparatus 101b through 
a transmission path 1 1 0 and receives data from the data 
transmission apparatus 101n. The data from the con- 
nected device 100a which is connected to the data 
transmission apparatus 101a is processed in the MOST 

40 controller 103a and outputted as a digital data string. 
The transmitting section 122a sets a predetermined bit 
of the digital data string as a data symbol, and then the 
data symbols are subjected to a mapping process in ac- 
cordance with a conversion table and a filtering process. 

45 A digital signal processed in the transmitting section 
122a is converted to an analog signal, and then the an- 
alog signal is outputted to the transmission path 110. 
The analog signal is outputted in a waveform with a pre- 
determined period such that the digital data string is 

so mapped to any of a plurality of signal levels. Meanwhile, 
the receiving section 121 a of the data transmission ap- 
paratus 101a receives an analog signal outputted from 
the data transmission apparatus 1 01 n through the trans- 
mission path 110 and converts the analog signal to a 

55 digital signal. The receiving section 121a decodes the 
digital signal into data symbols by subjecting the digital 
signal to filtering and reverse mapping processes, con- 
verts the data symbols into a digital data string, and then 
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outputs the digital data string to the MOST controller 
103a. 

[0008] In a data transmission system having the 
above configuration, in order to define mechanical con- 
nections, an initialization process is performed on the 
MOST controllers 103a to 103n which serve as the link 
layer of the protocol and on the transmitting/receiving 
sections 1 02a to 1 02n which serve as the physical layer 
of the protocol. During the initialization operation, the 
establishment of clock synchronization and the setting 
of evaluation levels, which serve as the reference for 
data evaluation, are performed on each of the data 
transmission apparatuses 1 01 a to 1 01 n. With reference 
to FIGS. 6 and 7, the initialization process performed in 
the above-described data transmission system is de- 
scribed below. FIG. 7 is a sequence diagram showing 
an initialization process for the data transmission appa- 
ratuses 1 01 a to 1 01 n in the data transmission system. 
[0009] In the data transmission system, the MOST 
controllers 103a to 1 03n, serving as the link layer of the 
data transmission apparatuses 101a to 101n, and the 
transmitting/receiving sections 1 02a to 1 02n, serving as 
the physical layer, are all in a reset state at the time be- 
fore an initialization operation is performed. First, the 
CPUs 104 to 1 04n of the data transmission apparatuses 
101ato101n each cause the transmitting/receiving sec- 
tions 1 02a to 1 02n to exit the reset state at the time, for 
example, when the system is turned on. After the reset 
state is exited, the transmitting/receiving section 102a 
performs an initialization process on itself (i.e. , the phys- 
ical layer). During this initialization process, in order to 
define mechanical connections, an initialization process 
is also performed on the transmitting/receiving sections 
1 02b to 1 02n which are other physical layers of the pro- 
tocol. 

[0010] First, the master transmitting/receiving section 
1 02a sends a lock signal to the transmission path 1 1 0 
in accordance with an output frequency obtained using 
the reference frequency of its own oscillator. The lock 
signal is, for example, a sine wave signal which is based 
on a clock frequency of the master data transmission 
apparatus 101a. 

[0011] The slave transmitting/receiving section 102b 
receives the lock signal through the transmission path 
1 1 0, performs clock recovery, and sets a reception PLL. 
The transmitting/receiving section 102b then sends the 
lock signal to a transmission path 110 in accordance 
with a recovered clock of the reception PLL. Likewise, 
the other, slave transmitting/receiving sections 1 02c to 
1 02n receive a lock signal sent out from their respective 
upstream data transmission apparatuses, perform clock 
recovery, set a reception PLL, and then send the lock 
signal to their respective downstream data transmission 
apparatuses in accordance with a recovered clock of the 
reception PLL. The master transmitting/receiving sec- 
tion 102a receives a lock signal sent from the transmit- 
ting/receiving section 102n of an immediately upstream 
data transmission apparatus, performs clock recovery, 



and sets a reception PLL. 

[0012] The master transmitting/receiving section 
1 02a generates therein a training signal for setting eval- 
uation levels which serve as the reference for data eval- 

5 uation with respect to the slave transmitting/receiving 
section 102b provided immediately downstream there- 
of, and sends the training signal to the transmission path 
110. The training signal includes, for example, a clock 
recovery sine wave in which the maximum and minimum 

10 amplitude levels appear alternately; a training pattern 
header in which, for example, the maximum or minimum 
amplitude level is maintained for a predetermined period 
of time; and a training pattern which is a known data 
pattern between the data transmission apparatuses 

15 101 . The training pattern uses, for example, a PN pat- 
tern signal which contains all of the above-described da- 
ta symbol values in various patterns. 
[0013] The slave transmitting/receiving section 102b 
receives the training signal through the transmission 

20 path 110, immediately generates a training signal for the 
data transmission apparatus 101c immediately down- 
stream thereof, and sends the training signal to the 
transmission path 110. The transmitting/receiving sec- 
tion 102b sets, in its own receiving section 121b, eval- 

25 uation levels to be used as thresholds in evaluating a 
transmission level of each symbol value, using the re- 
ceived training signal, and then sets evaluation values 
based on the evaluation levels which serve as bounda- 
ries. Likewise, the other, slave transmitting/receiving 

30 sections 102c to 102n receive training signals sent out 
from their respective upstream data transmission appa- 
ratuses 1 01 and then immediately send their respective 
training signals to their respective downstream data 
transmission apparatuses 101. Then, the other, slave 

35 transmitting/receiving sections 102c to 102n set, in the 
receiving sections 121c to 121 n thereof, evaluation lev- 
els to be used as thresholds in evaluating a transmission 
level of each symbol value, using the training signals 
received from their respective upstream data trans mis- 

40 sion apparatuses 1 01 , and then sets evaluation values 
based on the evaluation levels which serve as bounda- 
ries. The master transmitting/receiving section 102a al- 
so sets evaluation levels to be used as thresholds in 
evaluating a transmission level of each symbol value, 

45 using the training signal received from the transmitting/ 
receiving section 102n, and then sets evaluation values 
based on the evaluation levels which serve as bounda- 
ries. By these operations, the physical layer initialization 
process of the data transmission system is completed, 

so whereby the physical layers can perform data commu- 
nication therebetween. 

[0014] After the completion of the physical layer ini- 
tialization process of the entire system, the CPUs 1 04a 
to 104n cause the MOST controllers 103a to 103n, re- 
55 spectively, to exit the reset state. Subsequently, the 
MOST controllers 103a to 103n start an operation in ac- 
cordance with a predetermined reference frequency, 
and then start an initialization process thereof (i.e., the 
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link layer). 

[0015J During the link layer initialization process the 
establishment of synchronization of the link and physical 
layers of each data transmission apparatus and the es- 
" ii ui ischium ueiween tne mas- 
ter link layer and the slave link layer are performed and 
the master MOST controller 103a confirms the estab- 
lishment of a network of the whole data transmission 
system. First, the master MOSTcontroller 1 03a (link lay- 
er) outputs to the transmitting section 1 22a initialization 
data for performing an initialization process (e.g. frame 
synchronization with another link layer). With the use of 
the initialization data, synchronization between the 
MOSTcontroller 1 03a and the transmitting section 1 22a 
is established and a PLL of the MOST controller 1 03a 
is locked. Then, the initialization data is outputted to the 

122a miSSi0n Path fr ° m transmittin 9 section 
[001 6] The slave receiving section 121b receives the 
initialization data through the transmission path 1 1 0 and 
outputs it to the MOST controller 1 03b. The MOST con- 
troller 103b establishes frame synchronization with the 
master MOST controller 103a using the inputted initial- 
ization data, and outputs the initialization data to the 
transmitting section 122b. With the use of the initializa- 
tion data, synchronization between the MOSTcontroller 
103b and the transmitting section 122b is established 
and a PLL of the MOST controller 1 03b is locked. Then 
the initialization data is outputted to the transmission 
path 110 from the transmitting section 122b. Note that 
until the PLL of the MOST controller 103b has been 
locked 5 the initialization data received by the receiving 
section 121b is outputted from the transmitting section 
122b after bypassing the MOST controller 103b. After 
the synchronization between the MOST controller 1 03b 
and the transmitting section 122b has been established, 
all the data received by the receiving section 121b is 
outputted to the MOST controller 103b. 
[0017] Likewise, the other, slave MOST controllers 
103c to 103n establish frame synchronization with the 
master MOST controller 103a using inputted initializa- 
tion data and output the initialization data to the trans- 
mitting sections 122c to 122n, respectively. The master 
MOSTcontroller 103a receives the initialization data a 
predetermined number of times via the transmitting/re- 
ceiving section 102a (physical layer), and thereby con- 
firms the establishment of a network. Then, the MOST 
controller 103a sends the result of establishment con- 
firmation to other link layers and completes the link layer 
initialization process. Afterthese initialization processes 
of the physical and link layers, the data transmission ap- 
paratuses 1 01 a to 1 01 n start data communication ther- 
ebetween. 

[0018] In the above-described conventional data 
transmission system, after the initialization processes of 
the physical and link layers, all data is transmitted via 
each MOST controller. Specifically, all of the transmit- 
ting/receiving sections (the physical layer) 1 02a to 1 02n 



MOST controllers (the link layer) 103a to 103n and 
CPUs (the control section) 104a to 104n of the' data 
transmission apparatuses 1 01 a to 1 01 n need to be kept 
in an operational state at all times. 
5 in power consumption of the entire datalransmfeston 
system. In general, when the MOST controllers 103a to 
103n are kept in an operational state at all times their 
respective connected devices 100a to 100n are also 
kept in a power-on state, and accordingly the power con- 
*o sumption further increases. 

[001 9] In an automobile, a battery is typically used as 
the power source, and during engine operation the pow- 
er generated by an alternator provided in the engine is 
stored. During engine-off conditions, the battery is the 
'5 only power source in the automobile, and thus the 
amount of powerthat can be used is limited. Therefore 
in the case where the above-described data transmis- 
sion system is provided in an automobile, because the 
system operates using the battery as its power source 
20 the power consumption of the data transmission system 
needs to be kept to the lowest possible level, especially 
during engine-off conditions. However, in the case for 
example, where only some devices (e.g., a surveillance 
camera, a security system, etc.) connected to the data 
transmission system need to operate during engine-off 
conditions, hardware in the data transmission system 
unrelated to such connected devices all needs to be 
kept in an operational state, and therefore the power 
consumption increases dramatically 

30 

SUMMARY OF THE INVENTION 



[0020J Therefore, an object of the present invention is 
to provide a data transmission method, a data transmis- 
s.on system, and a data transmission apparatus with 
which the power consumption of the entire system is re- 
duced when only some connected devices which are 
connected to the data transmission system need to op- 
erate. r 

40 [0021] The present invention has the following fea- 
tures to attain the object mentioned above. It is to be 
understood that reference numerals, etc., in parenthe- 
ses are provided, for the purpose of assisting in the un- 
derstanding of the present invention and showing the 
corresponding relationship with an embodiment, as will 
be descnbed later, and thus are not intended to limit the 
scope of the present invention. 
[0022] A data transmission method of the present in- 
vention transmits and receives a transmission signal 
(electrical signal) between a plurality of data transmis- 
sion apparatuses (1a to 1n) interconnected via trans- 
mission paths (11) in a ring configuration, the transmis- 
sion signal being based on data (digital data) processed 
« f^ 0rd,n9 t0 8 P redeterm 'ned communication protocol 
(MOST). A first data transmission apparatus (a data 
transmission apparatus 1 operating in a bypass mode) 
which ,s at least one of the plurality of data transmission 
apparatuses, generates, in a physical layer (transmit- 
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ting/receiving section 2), reception data (a bypass digital 
data string BX) in response to a transmission signal out- 
putted from an immediately upstream data transmission 
apparatus, generates a transmission signal based on 
the reception data, and outputs the transmission signal 5 
to an immediately downstream data transmission appa- 
ratus (a data transmission apparatus 1 which performs 
an operation of steps S78; hereinafter only the step 
number is provided). A second data transmission appa- 
ratus (a data transmission apparatus 1 operating in a 
normal mode), which is the rest of the plurality of data 
transmission apparatuses other than the first datatrans- 
mission apparatus, generates, in a physical layer there- 
of, reception data (reception digital data string RX) in 
response to a transmission signal outputted from an im- 
mediately upstream data transmission apparatus, and 
processes the reception data in a link layer (most con- 
troller 3) thereof according to the communication proto- 
col. Then, the second data transmission apparatus 
processes transmission data (transmission digital data 
string TX) in the link layer according to the communica- 
tion protocol, generates a transmission signal in the 
physical layer based on the transmission data, and out- 
puts the transmission signal to an immediately down- 
stream data transmission apparatus (S21 and S50). 
[0023] In one example, the aforementioned first data 
transmission apparatus may transmit and receive the 
transmission signal in accordance with an instruction 
from an outside (e.g., CPU 4) of its own physical layer, 
in a manner such that the reception data bypasses its 
own link layer. In another example, the first data trans- 
mission apparatus may transmit and receive the trans- 
mission signal by maintaining its own link layer in a reset 
state where a data process operation is suspended, so 
that the reception data (bypass digital data string BX) 
bypasses the link layer (S77). For example, at the time 
of initialization (S16, S45, S75, S1 9, and S48) for allow- 
ing the plurality of data transmission apparatuses in 
which both of the link layer and the physical layer are in 
the reset state (S12, S41 , and S71 ) to perform transmis- 
sion/reception of a transmission signal therebetween, 
the link layer and the physical layer of the second data 
transmission apparatus may be caused to exit the reset 
state (S15, S44, S18, and S47); and only the physical 
layer of the first data transmission apparatus may be 
caused to exit the reset state (S74). 
[0024] The transmission signal may be generated in 
the physical layer by mapping symbols of the transmis- 
sion data to any of a plurality (8 values) of signal levels. 
In this case, the reception data may be generated in the 
physical layer based on evaluation levels for distinguish- 
ing and evaluating each signal level of the transmission 
signal. 

[0025] Specifically, the communication protocol may 
be defined by MOST 

[0026] A data transmission system of the present in- 
vention has a plurality of data transmission apparatuses 
interconnected with each other via transmission paths 



in a ring configuration, the data transmission apparatus- 
es transmitting and receiving a transmission signal ther- 
ebetween. The data transmission apparatuses each 
comprise a processing section (MOST controller 3) and 
a transmitting/receiving section (2). The processing sec- 
tion processes transmission/reception data (reception 
digital data string RX and transmission digital data string 
TX) according to a predetermined communication pro- 
tocol. The transmitting/receiving section generates a 
transmission signal based on the transmission data 
processed in the processing section and outputs the 
transmission signal to an immediately downstream data 
transmission apparatus. In addition, the transmitting/re- 
ceiving section generates reception data based on a 
transmission signal outputted from an immediately up- 
stream data transmission apparatus and outputs the re- 
ception data to the processing section. A first data trans- 
mission apparatus, which is at least one of the plurality 
of data transmission apparatuses, generates reception 
data in the transmitting/receiving section based on a 
transmission signal outputted from an immediately up- 
stream data transmission apparatus, generates a trans- 
mission signal based on the reception data (bypass dig- 
ital data string BX), and outputs the transmission signal 
to an immediately downstream data transmission appa- 
ratus. A second data transmission apparatus, which is 
the rest of the plurality of data transmission apparatuses 
other than the first data transmission apparatus, gener- 
ates reception data in the transmitting/receiving section 
in response to a transmission signal outputted from an 
immediately upstream data transmission apparatus, 
and processes the reception data in the processing sec- - 
tion according to the communication protocol. Then, the 
second data transmission apparatus processes trans- 
mission data in the processing section according to the 
communication protocol, generates a transmission sig- 
nal in the transmitting/receiving section based on trans- 
mission data, and outputs the transmission signal to an 
immediately downstream data transmission apparatus. 
[0027] The transmitting/receiving section may com- 
prise a bypass path (a path between evaluation 
processing section 21 5 and selector 221 ) and a selector 
(221). The bypass path outputs the reception data by 
bypassing its own processing section. The selector se- 
lects one of the transmission data and the reception data 
in accordance with an operating condition of the 
processing section and outputs selected data to a trans- 
mitting end (data mapping section 222) of the transmit- 
ting/receiving section, the transmission data being out- 
putted from the processing section and the reception da- 
ta being outputted through the bypass path. In this case, 
in one example, the selector of the first data transmis- 
sion apparatus may select the reception data outputted 
through the bypass path, in accordance with an instruc- 
tion from an outside (e.g., CPU 4) of its own transmitting/ 
receiving section. In another example, the selector of 
the first data transmission apparatus may select the re- 
ception data outputted through the bypass path, when 
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the processing section of the first data transmission ap- 
paratus is in a reset state where a data processing op- 
eration is suspended (i.e., when a synchronization de- 
tection signal CS is not inputted). The data transmission 
apparatuses eauh further may comprise a control sec- 
tion (CPU 4). The control section controls operations of 
its own processing section and its own transmitting/re- 
ceiving section. In this case, the control section of the 
first data transmission apparatus may control the 
processing section of the first data transmission appa- 
ratus so as to maintain its reset state (S77). The data 
transmission system may further comprise transmission 
lines (12). The transmission lines communicably inter- 
connect the control sections of the respective data 
transmission apparatuses. In this case, the control sec- 
tion of the first data transmission apparatus may control 
the processing section of the first data transmission ap- 
paratus so as to maintain its reset state, in accordance 
with an instruction (i.e., an instruction to inhibit exit from 
the reset state of the link layer) inputted through the 
transmission line. 

[0028] The transmitting/receiving section may com- 
prise a data mapping section (222) and an evaluation 
processing section (215). The data mapping section 
generates the transmission signal by mapping symbols 
of the transmission data to any of a plurality of signal 
levels. The evaluation processing section generates the 
reception data based on evaluation levels for distin- 
guishing and evaluating each signal level of the trans- 
mission signal. 

[0029] Specifically, the communication protocol used 
in the processing section may be defined by MOST. 
[0030] A data transmission apparatus of the present 
invention is interconnected with other data transmission 
apparatuses via transmission paths in a ring configura- 
tion and performs transmission/reception of a transmis- 
sion signal with the other data transmission apparatus- 
es. The data transmission apparatus comprises a 
processing section and a transmitting/receiving section. 
The processing section processes transmission/recep- 
tion data according to a predetermined communication 
protocol. The transmitting/receiving section generates 
a transmission signal based on transmission data proc- 
essed in the processing section and outputs the trans- 
mission signal to another data transmission apparatus. 
In addition, the transmitting/receiving section generates 
reception data based on a transmission signal outputted 
from another data transmission apparatus and outputs 
the reception data to the processing section. In a first 
mode (bypass mode), the transmitting/receiving section 
generates reception data based on a transmission sig- 
nal outputted from another data transmission appara- 
tus, generates a transmission signal based on the re- 
ception data, and outputs the transmission signal to an- 
other data transmission apparatus. In a second mode 
(normal mode) different from the first mode, the trans- 
mitting/receiving section generates reception data in re- 
sponse to a transmission signal outputted from another 



data transmission apparatus and outputs the reception 
data to the processing section; the processing section 
processes the reception data outputted from the trans- 
mitting/receivina section prvwHin« t« t*^ — 

- » a — i H i iui uua- 

5 tion protocol, and outputs to the transmitting/receiving 
section transmission data processed according to the 
communication protocol; and the transmitting/receiving 
section generates a transmission signal based on the 
transmission data outputted from the processing section 
10 and outputs the transmission signal to another data 
transmission apparatus. 

[0031] The transmitting/receiving section may com- 
prise a bypass path and a selector. The bypass path out- 
puts the reception data by bypassing the processing 
is section. The selector selects one of the transmission da- 
ta and the reception data in accordance with an operat- 
ing condition of the processing section and outputs se- 
lected data to a transmitting end of the transmitting/re- 
ceiving section, the transmission data being outputted 
20 from the processing section and the reception data be- 
ing outputted through the bypass path. In this case in 
one example, the selector may select the reception data 
outputted through the bypass path, in accordance with 
an instruction indicating the first mode and received 
25 from an outside of the transmitting/receiving section In 
another example, the selector may select the reception 
data, outputted through the bypass path, when, in the 
first mode, the processing section is in a reset state 
where a data processing operation is suspended The 
so data transmission apparatus may further comprise a 
control section for controlling operations of the process- 
ing section and the transmitting/receiving section. In this 
case, the control section may control, in the first mode 
the processing section so as to maintain its reset state' 
35 The data transmission apparatus may further comprise 
a transmission line for communicably connecting the 
control section to another data transmission apparatus 
In this case, the control section may control the process- 
ing section so as to maintain its reset state, in accord- 
40 ance with an instruction indicating the first mode and in- 
putted through the transmission line. 
[0032] The transmitting/receiving section may com- 
prise a data mapping section and an evaluation 
processing section. The data mapping section gener- 
45 ates the transmission signal by mapping symbols of the 
transmission data to any of a plurality of signal levels 
The evaluation processing section generates the recep- 
tion data based on evaluation levels for distinguishing 
and evaluating each signal level of the transmission sia- 

[0033] Specifically, the communication protocol used 
in the processing section may be defined by MOST 
[0034] According to the data transmission method of 
the present invention, there are provided a first data 
55 transmission apparatus that transmits data using only 
its own physical layer; and a second data transmission 
apparatus that transmits data using its own link layer 
and its own physical layer. Thus, by setting a data trans- 
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mission apparatus which does not requires an operation 
in the link layer as the first data transmission apparatus, 
the power consumption of the data transmission appa- 
ratus can be reduced. For example, in the case where 
among devices connected to a plurality of data trans- 
mission apparatuses, only certain devices need to op- 
erate, data transmission apparatuses having connected 
devices which do not need to operate are allowed to op- 
erate as the first transmission apparatus, whereby it is 
possible to significantly reduce the power consumption 
of the entire system. 

[0035] In the case where the first data transmission 
apparatus transmits and receives the transmission sig- 
nal in such a manner that the reception data bypasses 
its own link layer in accordance with an instruction from 
an outside of its own physical layer, data processing 
does not need to be performed in the link layer, and thus 
it is possible to reduce the power consumption in the link 
layer. 

[0036] In the case where the link layer of the first data 
transmission apparatus is maintained in the reset state, 
the link layer does not perform data processing, and 
therefore the power consumption of the link layer can 
be reduced. In addition, generally, the supply of power 
to a connected device which is connected to the link lay- 
er in the reset state is also stopped, making it possible 
to significantly reduce the power consumption of the 
connected device connected to the first data transmis- 
sion apparatus. Moreover, the first data transmission 
apparatus transmits and receives, when its own link lay- 
er is in a reset state, a transmission signal such that the 
transmission signal bypasses the link layer. Thus, by 
controlling the reset state of a link layer of each data 
transmission apparatus, data transmission in which the 
data bypasses the link layer is easily achieved. For ex- 
ample, the reset state of each link layer is controlled by 
an initialization process which is performed on all data 
transmission apparatuses, and thus the data transmis- 
sion apparatuses can transition to their respective 
modes synchronously. 

[0037] In the case where the transmission signal is 
generated in a physical layer by mapping each symbol 
of transmission data to any of a plurality of signal levels, 
and the reception data is generated based on evaluation 
levels for distinguishing and evaluating each signal level 
of the transmission signal, the first data transmission ap- 
paratus sends out a transmission signal by performing 
a data transmission process involving a mapping proc- 
ess after a data reception process involving a data eval- 
uation of a received transmission signal, and thus data 
transmission can be performed while reducing deterio- 
ration of data occurring in a transmission signal to be 
transmitted and received. 

[0038] Specifically, the communication protocol to be 
used in the data transmission method of the present in- 
vention is defined by MOST. Thus, even when commu- 
nication is performed using MOST as the communica- 
tion protocol, the same advantageous effects as those 



described above can be obtained. 
[0039] According to the data transmission system and 
data transmission apparatus of the present invention, 
the same advantageous effects as those described for 
5 the data transmission method of the present invention 
can be obtained. 

[0040] These and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
10 the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0041] 

FIG. 1 is a block diagram illustrating a configuration 
of a data transmission system according to one em- 
bodiment of the present invention; 
20 FIG. 2 is a block diagram illustrating a configuration 
of a data transmission apparatus 1 of FIG. 1 ; 
FIG. 3 shows the first half of a flowchart illustrating 
an operation that in the data transmission system 
of FIG. 1 where all data transmission apparatuses 
25 1 are operating in a normal mode, some of the data 
transmission apparatuses 1 transition to a bypass 
mode; 

FIG. 4 shows the second half of the flowchart illus- 
trating an operation of returning to the normal mode 
30 from the bypass mode in the data transmission sys- 
tem of FIG. 1; 

FIG. 5 is a sequence diagram chronologically show- 
ing the operating state of each data transmission 
apparatus 1 during a transition process of a link lay- 
35 er and a physical layer in a data transmission sys- 
tem of FIG. 3; 

FIG. 6 is a block diagram illustrating a configuration 
of a conventional data transmission system using 
electrical communication; and 
^0 FIG. 7 is a sequence diagram showing an initializa- 
tion process in the data transmission system of FIG. 
6. 



[0042] With reference to FIG. 1 , a data transmission 
system according to one embodiment of the present in- 
vention is described. FIG. 1 is a block diagram illustrat- 
ing a configuration of the data transmission system. 
[0043] In FIG. 1 , the data transmission system adopts 
a ring topology as its physical topology to interconnect 
a plurality of nodes, thereby forming a unidirectional 
ring-type LAN. As an exemplary data transmission sys- 
tem, a system is described below, in which data trans- 
mission apparatuses of n stages 1a to 1n, acting as 
nodes, are interconnected with each other via transmis- 
sion paths 11 in a ring configuration and data is trans- 
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mitted m one direction through the transmission paths 
1 1 . The data transmission apparatuses 1 a to 1 n respec- 
tively have devices 1 0a to 1 0n connected thereto (e g 
audio devices, navigation devices, information terminal 

, ,, ljr uc.a^o, suivemance cameras, etc) 

which perform processing based on data transmitted to 
the data transmission system and then output the re- 
sults thereof to the data transmission system In a com- 
mon hardware configuration, the data transmission ap- 
paratuses la to in and the connected devices 10a to 
10n are integrally constructed. 

[0044] In the above-described data transmission sys- 
tem, Media Oriented Systems Transport (hereinafter re- 
ferred to as "MOST"), for example, may be used as its 
infoimation communication protocol. In the case where 
data transmission is performed using MOST as its com- 
munication protocol, data is transmitted on a frame-by- 
frame basis, such that frames are transmitted sequen- 
tially between the data transmission apparatuses 1a to 
1n in one direction. That is, the data transmission appa- 
ratus 1 a outputs data to the data transmission apparatus 
1b through a transmission path 11. The data transmis- 
sion apparatus 1b outputs data to the data transmission 
apparatus 1 c through a transmission path 1 1 , and a data 
transmission apparatus 1 (n-1) outputs data to a data 
transmission apparatus 1n through a transmission path 
11. Then, the data transmission apparatus 1n outputs 
data to the data transmission apparatus 1a through a 
transmission path 11. Using inexpensive cables, such 
as twisted pair cables or coaxial cables, as the trans- 
mission paths 1 1 , electrical communication is performed 
between the data transmission apparatuses 1 a to 1 n In 
this data transmission system, the data transmission ap- 
paratus 1 a acts as a master that sends data in accord- 
ance with its own clocks, and the data transmission ap- 
paratuses 1b to in act as slaves that lock frequencies 
to the clocks generated by the master. 
[0045] Now, the configuration of the data transmission 
apparatuses 1a to 1 n are described. The data transmis- 
sion apparatuses 1a to 1n have substantially the same 
configuration. As a representative of the data transmis- 
sion apparatuses, first, a schematic configuration of the 
data transmission apparatus 1a, acting as the master 
and the flow of transmission/reception data are de- 
scribed. 

[0046] The data transmission apparatus la includes 
a transmitting/receiving section (physical layer) 2a a 
MOST controller (link layer) 3a, and a CPU (Central 
Processing Unit: microprocessor) 4a. The transmitting/ 
receiving section 2a has a receiving section 21a and a 
transmitting section 22a. 

[0047] For example, the MOST controller 3a is com- 
posed of an LSI and uses a MOST controller chip in 
which a communication protocol for use in the above- 
described data transmission system is defined To the 
MOST controller 3a is connected a connected device 
1 0a that performs processing based on data transmitted 
from the MOST controller 3a and outputs the results 



f r°^I T e M ° ST contro,, er3a. One of the functions 
of the MOST controller 3a is to convert data transmitted 
from the connected device 10a into a protocol defined 

by MOST and then outDut a riinitai riato «t-i ... . 

* transmitting section 22a of the transmitting/receiving 
section 2a. In addition, the MOST controller 3a receives 
a digital data string outputted from the receiving section 
21 a and transmits the digital data string to the connected 
device 10a. 

10 [0048] The CPU 4a controls the MOST controller 3a 
and the transmitting/receiving section 2a of the data 
transmission apparatus 1 a. The CPU 4a controls for ex- 
ample, a reset function, power, a master/slave selection 
process, and a diag-mode conversion process of the da- 
ta transmission apparatus 1a. Further, the CPU 4a es- 
tablishes a serial connection to CPUs 4b to 4n of other 
data transmission apparatuses 1b to In via transmis- 
sion lines 12 which are different from the transmission 
paths 11 , and instructs the CPUs 4b to 4n as to a bypass 
mode selection process, as will be described later Note 
that in addition to the CPUs 4a to 4n of the data trans- 
mission apparatuses 1 a to 1 n, it is also possible to ad- 
ditionally provide a CPU for controlling a bypass mode 
of the data transmission system. In this case, an addi- 

!L° n ^ rOVided CPU establish *s a serial connection to 
the CPUs 4a to 4n via the ansmission lines 12 
[0049] The transmitting/receiving section 2a is typi- 
cally composed of an LSI. As described above, a digital 
data stnng is outputted to the transmitting section 22a 
from the MOST controller 3a. The transmitting section 
22a sets a predetermined bit of the digital data string as 
a data symbol and performs a mapping process on the 
data symbols in accordance with a conversion table and 
a filtering process. The transmitting section 22a then 
converts a signal having been subjected to the mapping 
and filtering processes into an analog signal, amplifies 
the analog signal, converts the analog signal to a differ- 
ential signal, and sends out the differential signal to the 
transmission path 11 That is, the digital signal having 
40 been subjected to the mapping and filtering processes 
m the transmitting section 22a is outputted as an analog 
waveform of a predetermined period in which the above- 
described digital data string is mapped to any of a plu- 
rahty of signal levels. The configuration and operation 
of the transmitting section 22a will be described in more 
detail later. 

[0050] The receiving section 21a receives via the 
transmission path 11, an analog signal outputted from 
thedatatransmissionapparatus 1n and converts mean- 
so alog signal to a digital signal. The receiving section 21 a 
decodes the digital signal into data symbols by subject- 
ing the digital signal to filtering and reverse mapping 
processes, converts the data symbols into a digital data 

« and thSn ° Utputs the di 9 ital data string to the 

* MOST controller 3a. The configuration and operation of 
he receiving section 21 a will be described in more detail 
later. 

[0051] The configuration of the data transmission ap- 
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paratuses 1 b to 1 n, acting as slaves, is the same as that 
of the data transmission apparatus 1 a, acting as the 
master. In the following description, the configuration 
parts of the data transmission apparatuses 1 b to 1 n, act- 
ing as slaves, are described using the reference letters 
"b" to "n" added to their respective configuration parts, 
instead of using the reference letter M a B added to the 
configuration part of the data transmission apparatus 
1a, acting as a master. When the data transmission ap- 
paratuses 1a to 1n and their respective configuration 
parts are collectively described, the reference letters "a" 
to V added to the respective configuration parts are 
omitted and it is simply referred to as the data transmis- 
sion apparatus 1 . 

[0052] With reference to FIG. 2, the configuration of 
the data transmission apparatus 1 is described in detail. 
FIG. 2 is a block diagram illustrating the configuration of 
the data transmission apparatus 1 . 
[0053] In FIG. 2, as described above, the data trans- 
mission apparatus 1 includes a transmitting/receiving 
section 2 having a receiving section 21 and a transmit- 
ting section 22, a MOST controller 3, and a CPU 4. The 
receiving section 21 has a differential receiver 211, a 
low-pass filter 212, an A/D converter 21 3, a digital filter 
214, an evaluation processing section 215, and a syn- 
chronization detection section 216. The transmitting 
section 22 has a selector 221 , a data mapping section 
222, a digital filter 223 : a D/A converter 224, a low-pass 
filter 225, a differential driver 226, and a synchronization 
detection section 227. The MOST controller 3 has a PLL 
31. 

[0054] From the MOST controller 3, a transmission 
digital data string TX is outputted to the transmitting sec- 
tion 22. The transmission digital data string TX is then 
inputted to the data mapping section 222 via the selector 
221 . If the synchronization detection section 227, as will 
be described later, has detected synchronization of the 
PLL 31 of the MOST controller 3 and inputted a synchro- 
nization detection signal CS to the selector 221 , the se- 
lector 221 selects the transmission digital data string TX 
outputted from the MOST controller 3 and inputs it to the 
data mapping section 222. On the other hand, if the syn- 
chronization detection section 227 has not detected 
synchronization of the PLL 31 of the MOST controller 3 
(i.e., the synchronization detection section 227 has not 
inputted a synchronization detection signal CS to the se- 
lector 221 ), the selector 221 selects a bypass digital da- 
ta string BX outputted from the receiving section 21 and 
inputs the bypass digital data string BX to the data map- 
ping section 222. Note that the operations of the trans- 
mitting section 22, as will be described later, performed 
on the transmission digital data string TX and the bypass 
digital data string BX are the same, and thus, as a rep- 
resentative example, operations performed on the 
transmission digital data string TX will be described be- 
low. 

[0055] The data mapping section 222 sets a prede- 
termined bit of the transmission digital data string TX as 



a data symbol, performs amapping process on the data 
symbols in accordance with a conversion table, and 
then outputs the mapped data to the digital filter 223. 
Specifically, the data mapping section 222 converts the 

5 serial transmission digital data string TX into a parallel 
one so as to perform multivalued transmission. In the 
case where MOST is used as a communication protocol, 
as the transmission digital data string TX, 2-bit informa- 
tion is outputted per one symbol from the MOST con- 

10 troller 3, and thus the data mapping section 222 con- 
verts data inputted in a serial format into 2-bit parallel 
data. Subsequently, the data mapping section 222 maps 
the converted 2-bit parallel data to any of eight-value 
symbols in accordance with a recovered clock CD which 

15 is recovered and locked in the synchronization detection 
section 21 6 of the receiving section 21 or in accordance 
with a transmission clock outputted from the PLL 31 of 
the MOST controller 3. The mapping is performed in 
such a manner that the upper four symbols and the low- 

20 er four symbols of the eight value symbols are alternate- 
ly assigned to the 2-bit parallel data, so that clock re- 
covery is performed on another data transmission ap- 
paratus 1 provided at a receiving end. In addition, the 
mapping is performed using the difference between the 

25 current and previous values so as to eliminate the influ- 
ence caused by changes or differences in the direct-cur- 
rent component between transmission and reception. 
[0056] The digital filter 223 (e.g., aroll-off filter) per- 
forms a filtering process on the data having been sub- 

30 jected to a mapping process and outputs the filtered da- 
ta to the D/A converter 224. The digital filter 223 is a 
waveform shaping filter for limiting the band of an elec- 
trical signal to be transmitted and reducing intersymbol 
interference. For example, an FIR filter with aroll-off fac- 

35 tor of 1 00% is used. 

[0057] The D/A converter 224 converts the signal out- 
putted from the digital filter 223 into an analog signal. 
The D/A converter 224 is, for example, a 1 2-bit D/A con- 
verter which is operated at 100 MHz. The D/A converter 
224 outputs an analog signal so that a sine wave, in 
which the above-described transmission symbol values 
reach the maximum or minimum amplitude level alter- 
nately, can be outputted at the output end of the differ- 
ential driver 226. The low-pass filter 225 attenuates the 

45 high frequencies of the analog signal outputted from the 
D/A converter 224 and inputs the high-frequency atten- 
uated analog signal to the differential driver 226. 
[0058] The differential driver 226 amplifies the 
strength of the analog signal outputted from the low- 

50 pass filter 225, converts the analog signal to a differen- 
tial signal, and sends out the differential signal to the 
transmission path 11. The differential driver 226 sends 
an electrical signal to one (positive side) of a pair of 
leads, which form the transmission path 11, and sends 

55 a signal having the opposite polarity to the electrical sig- 
nal to the other one (negative side) of the pair of leads. 
Thus, a positive electrical signal and a negative electri- 
cal signal are transmitted as a pair to the transmission 



BNSDOCID: <EP 1503546A2J 



17 



EP 1 503 546 A2 



18 



path 11, whereby changes occurring in the respective 
electrical signals counteract each other, making it pos- 
sible to reduce radiation noise from the transmission 
path 11 and external electrical influences. In the manner 
described above, from the transmitting section 22 is out- 
putted an electrical signal having a waveform of a pre- 
determined period in which the transmission digital data 
string TX is mapped to any of a plurality of signal levels. 
Such an electrical signal is obtained by performing the 
mapping, filtering, and DA conversion processes. 
[0059] The synchronization detection section 227 de- 
tects, with the use of a transmission digital data string 
TX and a transmission clock which are outputted from 
the MOST controller 3, data frames included in the 
transmission digital data string TX. For example, the da- 
ta frames are detected by periodically detecting frame 
headers included in the data frame. By the detection of 
data frames, the establishment of synchronization of the 
MOST controller 3 is detected. After detecting the es- 
tablishment of synchronization of the MOST controller 
3, the synchronization detection section 227 outputs a 
synchronization detection signal CS to the selector 221 . 
[0060] The differential receiver 211 of the receiving 
section 21 receives an electrical signal (differential sig- 
nal) sent out from a previous data transmission appara- 
tus 1 , via the transmission path 11 . The differential re- 
ceiver 211 converts the differential signal to a voltage 
signal and outputs the voltage signal to the low-pass fil- 
ter 212. As described above, since a positive electrical 
signal and a negative electrical signal are transmitted 
as a pair over a pair of leads forming the transmission 
path 11, the differential receiver 211 determines a signal 
by the difference between the positive and negative 
electrical signals, making the signals immune to exter- 
nal electrical influences. 

[0061] The low-pass filter 212 attenuates noise at 
high frequencies which is contained in the voltage signal 
outputted from the differential receiver 211 and then in- 
puts the high-frequency attenuated voltage signal to the 
A/D converter 213. The A/D converter 213 converts the 
voltage signal outputted from the low-pass filter 21 2 into 
a digital signal and then outputs the digital signal to the 
digital filter 21 4. 

[0062] The digital fitter 214 performs a filtering proc- 
ess on the digital signal outputted from the A/D convert- 
er 21 3. The digital filter 21 4 is composed of, for example 
a roll-off filter. The digital filter 214 is a waveform shaping 
FIR filter for removing noise from the digital signal out- 
putted from the A/D converter 21 3. By a combination of 
this roll-off filter and the aforementioned roll-off filter 
(digital filter 223) at the transmitting end, roll-off charac- 
teristics with no intersymbol interference can be real- 
ized. 

[0063] The synchronization detection section 216 re- 
covers a clock component of the signal which is output- 
ted from the A/D converter 213 and received through 
the transmission path 1 1 , to recover the clock of the re- 
ceived data, and detects data symbol timing which is the 



maximum or minimum amplitude point of the above-de- 
scribed transmission waveform. The recovered clock 
CD which is recovered in the synchronization detection 
section 216 is used a« » ^^l- ^ — 

-— — .» .wt me cvaiucuiun 

Pressing section 215 and the data mapping section 

[0064] The evaluation processing section 215 per- 
forms a reverse mapping process on the digital signal 
outputted from the digital filter 214 to decode the digital 
10 signal into data symbols, converts the data symbols into 
a reception digital data string RX, and then outputs the 
reception digital data string RX to the MOST controller 
3. Specifically, the evaluation processing section 215 
calculates a difference value between a received sym- 
'5 bol value outputted from the digital filter 214 and a pre- 
vious symbol value, based on the data symbol timing 
detected in the synchronization detection section 216. 
By thus evaluating the received symbol value using the 
difference value between the received symbol value and 
20 a previous symbol value, it is possible to negate an over- 
all voltage change which occurs at the time of transmis- 
sion to a data transmission apparatus 1 at the receiving 
end from a data transmission apparatus 1 at the trans- 
mitting end. The evaluation processing section 215 per- 
25 forms data evaluation on each difference value based 
on evaluation levels set at the time of initialization as 
will be described later, and performs a reverse mapping 
process on the resulting evaluation values. Specifically, 
in the reverse mapping process by the evaluation 
^o processingsection215, the above-described evaluation 
values are decoded into the data before it was mapped 
by the mapping process at the transmitting end, based 
on the data symbol timing detected in the synchroniza- 
tion detection section 21 6 . By the reverse mapping proe- 
ms ess, the evaluation values are converted into parallel da- 
ta. The evaluation processing section 215 then converts 
the parallel data having been subjected to the reverse 
mapping process into a serial reception digital data 
string RX and outputs the serial reception digital data 
*o string RX to the MOST controller 3. The reception digital 
data string RX is also outputted to the selector 221 as 
a bypass digital data string BX. When the selector 221 
selects the bypass digital data string BX, the bypass dig- 
ital data string BX is outputted to the data mapping sec- 
45 tion 222 of the transmitting section 22. 

[0065] The CPU 4 controls the operation of the MOST 
controller 3 by transmitting and receiving a control signal 
CL to/from the MOST controller 3. In addition, the CPU 
4 outputs a reset signal RS to the MOST controller 3 
50 and the transmitting/receiving section 2, whereby the 
MOST controller 3 and the transmitting/receiving sec- 
tion 2 are placed in an initial standby state (hereinafter 
referred to as a "reset state") where data transmission/ 
reception is not performed, or whereby the reset state 
55 ,s exited. The CPU 4 establishes a serial connection with 
a CPU 4 of another data transmission apparatus 1 via 
a transmission line 12. In the case of the master data 
transmission apparatus 1a, it instructs CPUs 4 of other 



10 



BNSOOCID: <EP_ 1503546A2_I_> 



19 



EP 1 503 546 A2 



20 



data transmission apparatuses to select either the enter 
into the reset state or the exit from the reset state. In the 
case of slave data transmission apparatuses 1b to 1n, 
they receive instructions from the master CPU 4 as to 
whether they should enter or exit the reset state. s 
[0066] In a data transmission system having the 
above configuration, in order to define mechanical con- 
nections, an initialization process is performed on the 
MOST controllers 3a to 3n, serving as the link layers of 
the protocol, and on the transmitting/receiving sections 
2a to 2n, serving as the physical layers of the protocol. 
During the initialization operation, the establishment of 
clock synchronization and the setting of evaluation lev- 
els, which serve as the reference for data evaluation, 
are performed on each of the data transmission appa- 
ratuses 1a to 1n. When the initialization process of the 
link layers and the physical layers is completed, all of 
the data transmission apparatuses 1 start data commu- 
nication therebetween using their respective physical 
layers and link layers. An operation mode that the data 
transmission apparatus 1 performs data communication 
using the physical and link layers is hereinafter referred 
to as a "normal mode". Note that the sequential opera- 
tions from the initialization process to the transition of 
all of the data transmission apparatuses 1 to the normal 
mode in the data transmission system are the same as 
those of a conventional data transmission system de- 
scribed in the "Description of the Background Art" sec- 
tion, and therefore a detailed description thereof will be 
omitted here. 

[0067] According to the data transmission system of 
the present invention, it is possible to perform data 
transmission such that some of the slave data transmis- 
sion apparatuses 1 use only their physical layer (this da- 
ta transmission is hereinafter referred to as a "bypass 
mode"). Specifically, a data transmission apparatus 1 
operating in the bypass mode sends out data, which is 
received from a previous data transmission apparatus 
1 , to a subsequent data transmission apparatus 1 with- 
out allowing the data to pass through the link layer 
(MOST controller 3) thereof. For example, it is possible 
to allow the master data transmission apparatus 1 a and 
data transmission apparatuses 1 having connected de- 
vices 10, such as a surveillance camera and a security 
system, to operate in the normal mode, while allowing 
data transmission apparatuses 1 having other connect- 
ed devices 10 to operate in the bypass mode. With ref- 
erence to FIGS. 3 and 4, the operation will be described 
below that some of the data transmission apparatuses 
transition to the bypass mode from the normal mode and 
then return to the normal mode. FIG. 3 shows the first 
half of a flowchart illustrating an operation that in a data 
transmission system where all data transmission appa- 
ratuses 1 are operating in the normal mode, some of the 
data transmission apparatuses 1 transition to the by- 
pass mode, and FIG. 4 shows the second half of the 
flowchart illustrating an operation of returning to the nor- 
mal mode from the bypass mode in the data transmis- 



sion system. 

[0068] In FIG. 3, when all data transmission appara- 
tuses 1 are operating in the normal mode, a CPU 4 of a 
master data transmission apparatus 1 a receives an in- 
struction to allow some of the data transmission appa- 
ratuses 1 to transition to the bypass mode (step S11). 
The CPU 4a may receive this transition instruction, for 
example, in response to an operation of a predeter- 
mined SW performed by a user of the data transmission 
system or in response to a user* s operation of setting a 
vehicle key SW in an accessory position (i.e., a mode 
in which power is supplied only to in-vehicle accessories 
when the engine is stopped). In the case described 
above where there is additionally provided in the data 
transmission system a CPU for controlling the bypass 
mode, the CPU receives the above-described transition 
instruction. In orderto provide a specific description, the 
case is described below where the master CPU 4a es- 
tablishes serial connections with the CPUs 4b to 4n of 
data transmission apparatuses 1b to 1n via transmis- 
sion lines 12 and instructs the CPUs 4b to 4n to select 
the bypass mode. 

[0069] The master CPU 4a starts a reset process for 
placing its own transmitting/receiving section 2a and its 
own MOST controller 3a in a reset state (step S12), and 
instructs the slave CPUs 4b to 4n to perform a reset 
process, via the transmission lines 12. In accordance 
with the instruction, the slave CPUs 4b to 4n start the 
reset process for placing their respective transmitting/ 
receiving sections 2b to 2n and MOST controllers 3b to 
3n in a reset state (steps S41 and S71). The CPUs 4a 
to 4n each send out a reset signal RS for placing their 
respective transmitting/receiving sections 2a to 2n and 
MOST controllers 3a to 3n in the reset state (steps S13, 
S42, and S72). When the transmitting/receiving sec- 
tions 2a to 2n and the MOST controllers 3a to 3n receive 
the reset signal RS, they enter the reset state (steps 
S14, S43, and S73). By these operations, all of the link 
and physical layers in the data transmission system en- 
ter the reset state. 

[0070] After a lapse of a predetermined period of time 
from the reset process, the CPUs 4a to 4n output to the 
transmitting/receiving sections 2a to 2n a reset signal 
RS for causing the transmitting/receiving sections 2a to 
2n to exit the reset state (steps S15, S44, and S74). 
When the transmitting/receiving sections 2a to 2n re- 
ceive the reset signal RS, a physical layer initialization 
process starts (steps S16, S45, and S75). 
[0071] The physical layer initialization process is de- 
scribed in detail below. First, the master transmitting/re- 
ceiving section 2a sends a lock signal to a transmission 
path 11 in accordance with an output frequency ob- 
tained using the reference frequency of its own oscilla- 
tor. The lock signal is, for example, a sine wave signal 
which is based on a clock frequency of the master data 
transmission apparatus 1a. 

[0072] The slave transmitting/receiving 2b receives 
the lock signal through the transmission path 11, per- 
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forms clock recovery in the synchronization detection 
section 216b, and sets a reception PLL. The transmit- 
ting/receiving section 2b hen sends the lock signal to a 
transmission path 11 in accordance with a recovered 
ciouk of the reception PLL. Likewise, the other, slave 
transmitting/receiving sections 2c to 2n receive a lock 
signal sent out from their respective upstream data 
transmission apparatuses 1 , perform clock recovery, set 
a reception PLL, and then send the lock signal to their 
respective downstream data transmission apparatuses 
1 in accordance with a recovered clock of the reception 
PLL. The master transmitting/receiving section 2a re- 
ceives the lock signal sent from the transmitting/receiv- 
ing section 2n of the immediately upstream data trans- 
mission apparatus, performs clock recovery, and sets a 
reception PLL. 

[0073] The master transmitting/receiving section 2a 
generates therein a training signal for setting evaluation 
levels which serve as the reference for data evaluation 
with respect to the slave transmitting/receiving section 
2b provided immediately downstream thereof, and 
sends the training signal to the transmission path 11. 
The training signal includes, for example, a clock recov- 
ery sine wave in which the maximum and minimum am- 
plitude levels appear alternately; a training pattern 
header in which, for example, the maximum or minimum 
amplitude level is maintained for a predetermined period 
of time; and a training pattern which is a known data 
pattern between the data transmission apparatuses 1 . 
The training pattern uses, for example, a PN pattern sig- 
nal which contains all of the aforementioned symbol val- 
ues in various patterns. 

[0074] The slave transmitting/receiving section 2b re- 
ceives the training signal through the transmission path 
11, immediately generates a training signal to be sent 
to the data transmission apparatus 1c immediately 
downstream thereof, and sends the training signal to the 
transmission path 11 . The transmitting/receiving section 
2b sets, in its own receiving section 21b, evaluation lev- 
els to be used as thresholds in evaluating a transmission 
level of each symbol value, using the received training 
signal, and then set evaluation values based on the 
evaluation levels which serve as boundaries. Likewise, 
the other, slave transmitting/receiving sections 2c to 2n 
receive training signals sent out from their respective 
upstream data transmission apparatuses 1 and then im- 
mediately send their respective training signals to their 
respective downstream data transmission apparatuses 
1 . Then, the other, slave transmitting/receiving sections 
2c to 2n set, in the receiving sections 21c to 21 n thereof 
evaluation levels to be used as thresholds in evaluating 
a transmission level of each symbol value, using the 
training signals received from their respective upstream 
data transmission apparatuses 1 , and then sets evalu- 
ation values based on the evaluation levels which serve 
as boundaries. Similarly, the master transmitting/receiv- 
ing section 2a sets evaluation levels to be used as 
thresholds in evaluating a transmission level of each 



symbol value, using the training signal received from the 
transmitting/receiving section 2n, and then sets evalua- 
tion values based on the evaluation levels which serve 
as boundaries. 

5 [0075] By these operations, the physical layer initial- 
ization process in the data transmission system is com- 
pleted, whereby the physical layers can perform data 
communication therebetween. Then, the transmitting/ 
receiving sections 2a to 2n output to the CPUs 4a to 4n 
10 a notification that the initialization process has been 
completed. In order that all of the transmitting/receiving 
sections 2a to 2n can output the notification of comple- 
tion of the initialization process synchronously, the mas- 
ter transmitting/receiving section 2a may output to the 
'5 transmission paths 11 a signal for prompting the trans- 
mitting/receiving sections 2b to 2n to output the notifi- 
cation of completion of the initialization process. In ad- 
dition, the transmitting/receiving sections 2a to 2n may 
output, after a lapse of a predetermined period of time 
20 from the execution of the evaluation level setting proc- 
ess, the notification of completion of the initialization 
process to the CPUs 4a to 4n, respectively. The CPUs 
4a to 4n determine whether the physical layer initializa- 
tion process is completed, by the reception of the noti- 
25 fication of completion of the initialization process output- 
ted from the transmitting/receiving sections 2a to 2n 
(steps S1 7, S46, and S76). 

[0076] If the notification of completion of the initializa- 
tion process is sent from the transmitting/receiving see- 
so tion 2a, the CPU 4a outputs to the MOST controller 3a 
a reset signal RS for causing the MOST controller 3a to 
exit the reset state (step S18). The CPU 4a then sends 
out an instruction to inhibit exit from the reset state of 
the link layer to any one or more of the CPUs 4b to 4n 
35 of the data transmission apparatuses 1 b to 1 n operating 
in the bypass mode, via the transmission lines 12. Any 
one or more of the CPUs 4b to 4n to which the CPU 4a 
sends out an instruction to inhibit exit from the reset 
state is preset. For example, in the case where the mas- 
^0 ter data transmission apparatus 1 a and data transmis- 
sion apparatuses 1 having connected devices 10, such 
as a surveillance camera and a security system, need 
to operate in the normal mode, while data transmission 
apparatuses 1 having other connected devices 10 need 
4 $ to operate in the bypass mode, a setting is made so as 
to send out only to those CPUs 4 of the data transmis- 
sion apparatuses 1 which need to operate in the bypass 
mode an instruction to inhibit exit from the reset state 
Note that the instruction to inhibit exit from the reset 
50 state may be sent out at the time of the reset process 
(stepsS12, S41 , and S71). In addition, although any one 
or more of the CPUs 4b to 4n of the data transmission 
apparatuses 1 b to 1 n operating in the normal mode au- 
tomatically causes the link layer to exit the reset state 
55 as will be described later, the CPU 4a may also send 
out to the any one or more of the CPUs 4b to 4n an in- 
struction to cause the link layer to exit the reset state 
[0077] If any one or more of the CPUs 4b to 4n which 
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has not received the instruction to inhibit exit from the 
reset state receives a notification of completion of the 
initialization process from any of the transmitting/receiv- 
ing sections 2b to 4n, the any one or more of the CPUs 
4b to 4n automatically outputs a reset signal RS for 5 
causing any corresponding MOST controllers 3b to 3n 
to exit the reset state, to the any corresponding MOST 
controllers 3b to 3n (step S47). If any one or more of the 
CPUs 4b to 4n which has received the instruction to in- 
hibit exit from the reset state receives a notification of 10 
completion of the initialization process from any of the 
transmitting/receiving sections 2b to 4n, the any one or 
more of the CPUs 4b to 4n maintains the reset state of 
any corresponding MOST controllers 3b to 3n (step 
S77). 15 
[0078] Any one or more of the MOST controllers 3 to 
which the reset signal RS is inputted in steps S1 8 and 
S47 starts a link layer initialization process (steps S19 
and S48). 

[0079] The link layer initialization process for the case 20 
where some of the data transmission apparatuses 1 op- 
erate in the bypass mode is described in detail below. 
The master MOST controller 3a exits its reset state by 
a reception of a reset signal RS and performs its own 
initialization by a reception of a control signal CL. The 25 
PLL 31 a of the MOST controller 3a operates in accord- 
ance with an output frequency obtained using the refer- 
ence frequency of an oscillator of the transmitting/re- 
ceiving section 2a. The MOST controller 3a outputs to 
the transmitting section 22a initialization data for per- 30 
forming initialization (which includes, for example, frame 
synchronization with another MOST controller 3) as a 
transmission digital data string TX. 
[0080] The synchronization detection section 227a of 
the transmitting section 22a detects data frames includ- 55 
ed in the initialization data based on the initialization da- 
ta outputted from the MOST controller 3a and its trans- 
mission clock, and detects the establishment of syn- 
chronization of the MOST controller 3a by periodically 
detecting frame headers included in the data frame. *o 
When the synchronization detection section 227a has 
detected the establishment of synchronization of the 
MOST controller 3a, the synchronization detection sec- 
tion 227a outputs a synchronization detection signal CS 
to the selector 221a. When the synchronization detec- 
tion signal CS has been inputted to the selector 221a, 
the selector 221a inputs to the data mapping section 
222a the initialization data outputted from the MOST 
controller 3a. Subsequently, the initialization data is sub- 
jected to the above-described mapping and filtering 50 
processes in the transmitting section 22a, converted in- 
to an analog signal and then sent out to a transmission 
path 11. 

[0081] The receiving section 21b of the slave data 
transmission apparatus 1 b receives the initialization da- 55 
ta through the transmission path 11 , converts the initial- 
ization data into a digital signal in the manner described 
above, and performs filtering and a reverse mapping 



processes on the digital signal. In the case of a slave 
data transmission apparatus 1 b in which the reset state 
of its link layer is exited in step S47, the initialization data 
is outputted as a reception digital data string RX to the 
MOST controller 3b from the evaluation processing sec- 
tion 215b. The MOST controller 3b establishes frame 
synchronization with the master MOST controller 3a us- 
ing the inputted initialization data and locks the PLL 31 b, 
and thereafter outputs the initialization data to the trans- 
mitting section 22b. The synchronization detection sec- 
tion 227b of the transmitting section 22b detects data 
frames included in the initialization data based on the 
initialization data outputted from the MOST controller 3b 
and its transmission clock, and detects the establish- 
ment of synchronization of the MOST controller 3b by 
periodically detecting frame headers included in the da- 
ta frame. When the synchronization detection section 
227b has detected the establishment of synchronization 
of the MOST controller 3b, the synchronization detec- 
tion section 227b outputs a synchronization detection 
signal CS to the selector 221b. When the synchroniza- 
tion detection signal CS has been inputted to the selec- 
tor 221b, the selector 221b inputs to the data mapping 
section 222b the initialization data outputted from the 
MOST controller 3b. Subsequently, the initialization da- 
ta is subjected to the above-described mapping and fil- 
tering processes in the transmitting section 22b, con- 
verted into an analog signal, and then sent out to a trans- 
mission path 1 1 . Until the synchronization detection sec- 
tion 227b has outputted the synchronization detection 
signal CS to the selector 221 b, the selector 221 b inputs 
to the data mapping section 222b the initialization data 
outputted from the evaluation processing section 215b 
as a bypass digital data string BX. The bypass digital 
data string BX (i.e., the initialization data which has by- 
passed the MOST controller 3b) is subjected to the 
above-described mapping and filtering processes in the 
transmitting section 22b. converted into an analog sig- 
nal, and then sent out to the transmission path 11 . 
[0082] In the case of a slave data transmission appa- 
ratus 1b in which the reset state of its link layer is main- 
tained in the foregoing step S77 (i.e., exit from the reset 
state is inhibited), the synchronization detection section 
227b cannot detect the establishment of synchroniza- 
tion with the MOST controller 3b. Accordingly, a syn- 
chronization detection signal CS is not outputted to the 
selector 221 b, and therefore the selector 221 b inputs to 
the data mapping section 222b the initialization data 
which is outputted from the evaluation processing sec- 
tion 21 5b at all times, as a bypass digital data string BX. 
The bypass digital data string BX (i.e., the initialization 
data which has bypassed the MOST controller 3b) is 
subjected to the above-described mapping and filtering 
processes in the transmitting section 22b, converted in- 
to an analog signal, and then sent out to the transmis- 
sion path 11. That is, a data transmission apparatus 1 
in which the reset state of its link layer is maintained 
sends out the initialization data received from an imme- 
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diately upstream data transmission apparatus 1 , to an 
immediately downstream data transmission apparatus 
1 only through its own physical layer. 
[0083] Likewise, other MOST controllers 3c to 3n per- 
ton ii the same operations as those of the slave MOST 
controller 3b. Specifically, in the case of a MOST con- 
troller 3 in which its reset state is exited in the foregoing 
step S47, frame synchronization with the master MOST 
controller 3a is established using inputted initialization 
data and then the initialization data is outputted to the 
transmitting section 22. In the case of a MOST controller 
3 in which its reset state is maintained in the foregoing 
step S77, a data transmission apparatus 1 sends out 
initialization data received from an immediately up- 
stream data transmission apparatus 1 , to an immediate- 
ly downstream data transmission apparatus 1 only 
through its own physical layer. 

[0084] The master MOST controller 3a determines, 
during the link layer initialization process which starts in 
the foregoing step S1 9, whether a network of the whole 
data transmission system is established. The MOST 
controller 3a determines the establishment of a network, 
for example, by receiving a network establishment con- 
firmation signal which is sent out therefrom via the 
transmitting section 22a, a predetermined number of 
times via other data transmission apparatuses 1 b to 1 n 
and the receiving section 21a. The MOST controller 3a 
provides an identifier indicating the establishment of a 
network to a predetermined data frame and sends the 
data frame to all of the slave data transmission appara- 
tuses 1b to 1 n. After the establishment of a network, the 
MOST controller 3a completes the link layer initialization 
process and outputs to the CPU 4a a control signal CL 
which indicates the completion of the process. The CPU 
4a waits for the link layer initialization process by the 
MOST controller 3a to be completed. By receiving the 
control signal CL which indicates the completion of the 
process, the CPU 4a determines the completion of the 
initialization process (step S20). Then, the CPU 4a out- 
puts to the MOST controller 3a a control signal CL in- 
structing the MOST controller 3a to start data commu- 
nication. When the MOST controller 3a has received the 
control signal CL, data communication with other data 
transmission apparatuses 1 starts (step S21). 
[0085] In the case of a MOST controller 3 in which its 
reset state is exited in the foregoing step S47, the MOST 
controller 3 determines the establishment of a network 
by receiving a data frame having an identifier that indi- 
cates the establishment of a network from the master 
data transmission apparatus 1 a. After the establishment 
of a network, the MOST controller 3 completes the link 
layer initialization process and outputs to a CPU 4 a con- 
trol signal CL which indicates the completion of the proc- 
ess. The CPU 4 waits forthe link layer initialization proc- 
ess by the MOST controller 3 to be completed. By re- 
ceiving the control signal CL which indicates the com- 
pletion of the process, the CPU 4 determines the com- 
pletion of the initialization process (step S49). Then, the 



CPU 4 outputs to the MOST controller 3 a control signal 
CL instructing the MOST controller 3 to start data com- 
munication. When the MOST controllers has received 
the control sianal CL 
5 ta transmission apparatuses 1 starts (step S50). 

[0086] In the case of a MOST controller 3 in which its 
reset state is maintained in the foregoing step S77, a 
data transmission apparatus 1 sends out a data frame 
having an identifier that indicates the establishment of 
10 a network, which is received from an immediately up- 
stream data transmission apparatus 1 , to an immediate- 
ly downstream data transmission apparatus 1 only 
through its own physical layer. In the case of a data 
transmission apparatus 1 in which the reset state of its 
15 link layer is maintained, even if other data transmission 
apparatuses 1 start data communication (steps S21 and 
S50), the data transmission apparatus 1 operates in the 
bypass mode such that it sends out data to be transmit- 
ted from an immediately upstream data transmission 
20 apparatus 1 during the data communication, to an im- 
mediately downstream data transmission apparatus 1 
only through its own physical layer (step S78). 
[0087] In a data transmission apparatus 1 which op- 
erates in the bypass mode, an electrical signal sent out 
25 from an immediately upstream data transmission appa- 
ratus 1 through a transmission path 11 is inputted to the 
differential receiver 21 1 of the receiving section 21 . The 
inputted electrical signal is filtered and converted into 
digital data by the low-pass filter 21 2, the A/D converter 
30 21 3, and the digital filter 21 4. The digital data is decoded 
into data symbols by the evaluation processing section 
21 5 and then outputted to the transmitting section 22 as 
a bypass digital data string BX. The transmitting section 
22 treats the bypass digital data string BX in the same 
35 manner as the transmission digital data string TX. Spe- 
cifically, the bypass digital data string BX is converted 
into an analog signal by mapping and filtering processes 
performed in the transmitting section 22, and then sent 
out to an immediately downstream data transmission 
40 apparatus 1 as an electrical signal through a transmis- 
sion path 11. In the physical layer of the data transmis- 
sion apparatus 1 operating in the bypass mode, the re- 
ceived electrical signal is subjected to filtering, A/D con- 
version,and data evaluation processes.followed by 
4 $ mapping, filtering, and D/A conversion processes, and 
then the electrical signal is sent out to an immediately 
downstream data transmission apparatus. Therefore, 
data transmission can be performed while reducing de- 
terioration of data occurring in an electrical signal to be 
50 transmitted and received. In addition, in the data trans- 
mission apparatus 1 operating in the bypass mode, a 
MOST controller 3 maintains its reset state, and there- 
fore the MOST controller 3 does not perform data trans- 
mission/reception. This reduces the power consumption 
55 of the MOST controller 3. Moreover, generally the sup- 
ply of power to a connected device 1 0 which is connect- 
ed to the MOST controller 3 in the reset state (see FIG. 
1 ) is also stopped, making it possible to significantly re- 
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duce the power consumption of the connected device 
10 connected to a data transmission apparatus 1 oper- 
ating in the bypass mode. 

[0088] With reference to FIG. 5, the states of each da- 
ta transmission apparatus 1 during a bypass mode tran- 5 
sition process in the above-described data transmission 
system is described in a chronological manner. FIG. 5 
is a sequence diagram chronologically showing the op- 
erating state of each data transmission apparatus 1 dur- 
ing a transition process of a link layer and a physical 
layer in the above-described data transmission system. 
[0089] In FIG. 5, all of the link layers (i.e., MOST con- 
trollers 3) and physical layers (i.e., transmitting/receiv- 
ing sections 2) of data transmission apparatuses 1 enter 
a reset state by a reset process performed by their re- 
spective CPUs 4. In the physical layer of each data 
transmission apparatus 1 , a physical layer initialization 
process is performed in response to a reset exit process 
performed by the respective CPUs 4. Then, in the link 
layer of a master data transmission apparatus 1 and a 
data transmission apparatus 1 operating in a normal 
mode, after the completion of the physical layer initiali- 
zation process, a link layer initialization process is per- 
formed in response to a reset exit process performed by 
the respective CPUs 4. After the completion of the link 
layer initialization process, the master data transmission 
apparatus t and the data transmission apparatus 1 op- 
erating in the normal mode start data communication us- 
ing their respective physical layers and link layers. As 
can be seen by comparing with FIG. 7 : in the data trans- 
mission apparatus 1 operating in the bypass mode, the 
link layer maintains its reset state even after the com- 
pletion of its physical initialization process, because the 
CPU 4 does not perform the reset exit process. There- 
fore, after the completion of the link layer initialization 
process of other data transmission apparatuses 1 , the 
data transmission apparatus 1 operating in the bypass 
mode transmits data using only its own physical layer 
by bypassing its own link layer. 

[0090] With reference to FIG. 4, an operation of re- 
turning to the normal mode from the bypass mode in the 
data transmission system is described. In FIG. 4, when 
some of the data transmission apparatuses 1 are oper- 
ating in the bypass mode, the CPU 4a of the master data 
transmission apparatus 1 a waits for an instruction to exit 
the bypass mode (step S22). The CPU 4a may receive 
this exit instruction, for example, in response to an op- 
eration of a predetermined SW performed by a user of 
the data transmission system or in response to a user's 
operation of setting a vehicle key SW in an engine start 
position. In the case described above where there is ad- 
ditionally provided in the data transmission system a 
CPU for controlling the bypass mode, the CPU receives 
the above-described exit instruction. In order to provide 
a specific description, the case is described below 
where the master CPU 4a establishes serial connec- 
tions with CPUs 4b to 4n of data transmission appara- 
tuses 1b to 1n via transmission lines 12 and instructs 



the CPUs 4b to 4n to exit the bypass mode. 
[0091 ] If the master CPU 4a has received in step S22 
the instruction to exit the bypass mode, the CPU 4a 
starts a reset process for placing its own transmitting/ 
receiving section 2a and MOST controller 3a in a reset 
state (step S23), and at the same time provides an in- 
struction to perform a reset process to the slave CPUs 
4b to 4n through transmission lines 1 2. According to the 
instruction, the slave CPUs 4b to 4n start a reset process 
for placing their respective transmitting/receiving sec- 
tions 2b to 2n and MOST controllers 3b to 3n in a reset 
state (steps S51 and S79). The CPUs 4a to 4n each 
send out a reset signal RS for placing their respective 
transmitting/receiving sections 2a to 2n and MOST con- 
trollers 3a to 3n in the reset state (steps S24, S52, and 
S80). The transmitting/receiving sections 2a to 2n and 
the MOST controllers 3a to 3n receive the reset signal 
RS, thereby entering the reset state (steps S25, S53, 
and S81). By these operations, all of the link and phys- 
ical layers in the data transmission system enter the re- 
set state. 

[0092] After a lapse of a predetermined period of time 
from the reset process, the CPUs 4a to 4n output to the 
transmitting/receiving sections 2a to 2n a reset signal 
RS for causing the transmitting/receiving sections 2a to 
2n to exit the reset state (steps S26, S55, and S82). The 
transmitting/receiving sections 2a to 2n receive the re- 
set signal RS, thereby starting a physical layer initiali- 
zation process (steps S27, S55, and S83). The physical 
layer initialization process is performed in the same 
manner as the foregoing steps S16, S17, S45 : S46, 
S75, and S76, and thus a detailed description thereof 
will be omitted. 

[0093] If a notification of completion of the initializa- 
tion process has been sent from the transmitting/receiv- 
ing section 2a, the CPU 4a outputs to the MOST con- 
troller 3a a reset signal RS for causing the MOST con- 
troller 3a to exit the reset state (step S29). Note : how- 
ever, that in the case of exiting the bypass mode, the 
CPU 4a does not send out the instruction to inhibit exit 
from the reset state of the link layer, through the trans- 
mission line 12. In the case where exit from the reset 
state is not inhibited, although any one or more of the 
CPUs 4b to 4n of the data transmission apparatuses 1 b 
to 1 n operating in the normal mode automatically caus- 
es the link layer to exit the reset state, the CPU 4a may 
send out to all of the CPUs 4b to 4n an instruction to 
cause the link layer to exit the reset state. 
[0094] If a notification of completion of the initializa- 
tion process has been sent from the transmitting/receiv- 
ing sections 2b to 4n, the CPUs 4b to 4n automatically 
output to the MOST controllers 3b to 3n a reset signal 
RS for causing the MOST controllers 3b to 3n to exit the 
reset state (steps S57 and S85). 
[0095] Subsequently, the MOST controllers 3 to which 
the reset signal RS is inputted in the foregoing steps 
S29, S57, and S85 start a link layer initialization process 
(steps S30, S58, and S86). The link layer initialization 
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process is performed in the same manner as the fore- 
going steps S1 9, S20, S48, and S49, and thus a detailed 
description thereof will be omitted. 
[0096] The CPU 4a outputs to the MOST controller 3a 
a centre; signal CL inai instructs the MOST controller 
3a to start data communication. When the MOST con- 
troller 3a has received the control signal CL, data com- 
munication with other data transmission apparatuses 1 
starts (step S32). The slave CPUs 4b to 4n, on the other 
hand, respectively output to the MOST controllers 3b to 
3n a control signal CL that instructs to start data com- 
munication. When the MOST controllers 3b to 3n have 
received the control signal CL, data communication with 
other data transmission apparatuses 1 starts (steps S60 
and S88). Thus, in the case of a transition from a state 
where some of the data transmission apparatuses 1 op- 
erate in the bypass mode to a state where all of the data 
transmission apparatuses 1 operate in the normal 
mode, data communication starts after an initialization 
process has been performed on all of the physical and 
link layers. 

[0097] In a data transmission apparatus which oper- 
ates in the bypass mode in a data transmission system 
of the present embodiment, a MOST controller of the 
data transmission apparatus is in a reset state and 
therefore the MOST controller does not perform data 
transmission/reception, making it possible to reduce the 
power consumption of the MOST controller. Moreover 
generally, the supply of power to a connected device 
which is connected to the MOST controller in the reset 
state is also stopped, making it possible to significantly 
reduce the power consumption of the connected device 
connected to a data transmission apparatus which op- 
erates in the bypass mode. In the case where only some 
devices connected to a data transmission system need 
to operate, data transmission apparatuses having con- 
nected devices which do not need to operate are al- 
lowed to operate in the bypass mode, whereby it is pos- 
sible to significantly reduce the power consumption of 
the entire system. In the physical layer of the data trans- 
mission apparatus operating in the bypass mode, a re- 
ceived electrical signal is subjected to filtering, A/D con- 
version, and data evaluation processes, followed by 
mapping, filtering, and D/A conversion processes, and 
then the electrical signal is sent out to an immediately 
downstream data transmission apparatus. Therefore, 
data transmission can be performed while reducing de- 
terioration of data occurring in an electrical signal to be 
transmitted and received. 

[0098] In the description of the present embodiment 
the switching of the selector of the transmitting section 
is performed depending on the establishment of syn- 
chronization of the MOST controller, but the switching 
of the selector is not limited to thereto. For example, the 
selector of a data transmission apparatus may be 
switched depending on the presence or absence of a 
transmission digital data string to be outputted from a 
MOST controller of the apparatus, or may be switched 
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directly by a CPU of the apparatus. That is, the selector 
may be switched by control from an outside of the trans- 
mitting section. 
[0099] In the desenbtinn 
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a protocol defined by MOST is used in the link layer in 
a data transmission system, but the protocol is not lim- 
ited thereto. For example, the present invention can be 
appropnately applied to a custom link layer other than 
a link layer defined by MOST 

[0100] While the invention has been described in de- 
tail, the foregoing description is in all aspects illustrative 
and not restrictive. It is understood that numerous other 
modifications and variations can be devised without de- 
parting from the scope of the invention. 



Claims 

1 . A data transmission method for transmitting and re- 
ceiving a transmission signal between a plurality of 
data transmission apparatuses (1) interconnected 
via transmission paths (11) in a ring configuration, 
the transmission signal being based on data proc- 
essed according to a predetermined communica- 
tion protocol, the method comprising: 

generating, in a physical layer (2) of a first data 
transmission apparatus (1), reception data 
(BX) in response to a transmission signal out- 
putted from an immediately upstream data 
transmission apparatus (1 ), generating a trans- 
mission signal based on the reception data 
(BX), and outputting the transmission signal to 
an immediately downstream data transmission 
apparatus (1) (S78), the first data transmission 
apparatus being at least one of the plurality of 
data transmission apparatuses (1 ); 
generating, in a physical layer (2) of a second 
data transmission apparatus (1 ), reception data 
(RX) in response to a transmission signal out- 
putted from an immediately upstream data 
transmission apparatus (1 ), and processing the 
reception data (RX) in a link layer (3) of the sec- 
ond data transmission apparatus (t) according 
to the communication protocol, the second data 
transmission apparatus being the rest of the 
plurality of data transmission apparatuses (1) 
other than the first data transmission apparatus 
(1);and 

processing transmission data (TX) in the link 
layer (3) of the second data transmission appa- 
ratus (1) according to the communication pro- 
tocol, generating a transmission signal in the 
physical layer (2) of the second data transmis- 
sion apparatus (1) based on the transmission 
data (TX), and outputting the transmission sig- 
nal to an immediately downstream data trans- 
mission apparatus (1) (S21 and S50). 
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2. The data transmission method according to claim 
1 , wherein the first data transmission apparatus (1 ) 
transmits and receives the transmission signal in 
accordance with an instruction from an outside of 

its own physical layer (2), in a manner such that the 5 
reception data (BX) bypasses its own link layer (3). 

3. The data transmission method according to claim 
1 , wherein the first data transmission apparatus (1 ) 
transmits and receives the transmission signal by to 
maintaining its own link layer (3) in a reset state 
where a data process operation is suspended, so 
that the reception data (BX) bypasses the link layer 

(3) (S77). 

15 

4. The data transmission method according to claim 
3, further comprising at the time of initialization 
(S1 6, S45, S75, S1 9, and S48) for allowing the plu- 
rality of data transmission apparatuses (1 ) in which 
both of the link layer (3) and the physical layer (2) 20 
are in the reset state (S1 2, S41 , and S71 ) to perform 
transmission/reception of a transmission signal 
therebetween; 

causing the link layer (3) and the physical lay- 
er (2) of the second data transmission apparatus (1 ) 25 
to exit the reset state (S15, S44, S1 8, and S47); and 

causing only the physical layer (2) of the first 
data transmission apparatus (1) to exit the reset 
state (S74). 

30 

5. The data transmission method according to claim 
1, wherein: 

the transmission signal is generated in the 
physical layer (2) by mapping symbols of the 35 
transmission data to any of a plurality of signal 
levels; and 

the reception data (BX and RX) are generated 
in the physical layer (2) based on evaluation 
levels for distinguishing and evaluating each 40 
signal level of the transmission signal. 

6. The data transmission method according to claim 
1 , wherein the communication protocol is defined 

by MOST (Media Oriented Systems Transport). 45 

7. A data transmission system having a plurality of da- 
ta transmission apparatuses (1) interconnected 
with each other via transmission paths (11) in a ring 
configuration, the data transmission apparatuses so 
(1) transmitting and receiving a transmission signal 
therebetween, wherein the data transmission appa- 
ratuses (1) each comprise: 

a processing section (3) for processing trans- 55 
mission/reception data (RX and TX) according 
to a predetermined communication protocol; 
and 



a transmitting/receiving section (2) for generat- 
ing a transmission signal based on the trans- 
mission data (TX) processed in the processing 
section (3) and outputting the transmission sig- 
nal to an immediately downstream data trans- 
mission apparatus (1), and for generating re- 
ception data (RX) based on a transmission sig- 
nal outputted from an immediately upstream 
data transmission apparatus (1 ) and outputting 
the reception data to the processing section (3) , 

wherein: 

a first data transmission apparatus (1) gener- 
ates reception data (BX) in the transmitting/re- 
ceiving section (2) based on a transmission sig- 
nal outputted from an immediately upstream 
data transmission apparatus (1), generates a 
transmission signal based on the reception da- 
ta (BX), and outputs the transmission signal to 
an immediately downstream data transmission 
apparatus (1 ) (S78), the first data transmission 
apparatus (1 ) being at least one of the plurality 
of data transmission apparatuses (1 ); 
a second data transmission apparatus (1), 
which is the rest of the plurality of data trans- 
mission apparatuses (1) other than the first da- 
ta transmission apparatus (1), generates re- 
ception data (RX) in the transmitting/receiving 
section (2) in response to a transmission signal 
outputted from an immediately upstream data 
transmission apparatus (1), and processes the 
reception data (RX) in the processing section 
(3) according to the communication protocol; 
and 

the second data transmission apparatus (1) 
processes transmission data (TX) in the 
processing section (3) according to the commu- 
nication protocol, generates a transmission sig- 
nal in the transmitting/receiving section (2) 
based on the transmission data (TX), and out- 
puts the transmission signal to an immediately 
downstream data transmission apparatus (1) 
(S21 and S50). 

8. The data transmission system according to claim 7, 
wherein the transmitting/receiving section (2) com- 
prises: 

a bypass path for outputting the reception data 
(BX) by bypassing its own processing section 
(3); and 

a selector (221) for selecting one of the trans- 
mission data (TX) and the reception data (BX) 
in accordance with an operating condition of the 
processing section (3) and outputting selected 
data to a transmitting end of the transmitting/ 
receiving section (2), the transmission data 
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(TX) outputted from the processing section (3) 
and the reception data (BX) outputted through 
the bypass path, wherein 
the selector (221) of the first data transmission 
apparatus (1) seiecis ine reception data (BX) s 
outputted through the bypass path, in accord- 
ance with an instruction from an outside of its 
own transmitting/receiving section (2). 

9. The data transmission system according to claim 7, 10 
wherein the transmitting/receiving section (2) com- 
prises: 

a bypass path for outputting the reception data 
(BX) by bypassing its own processing section is 
(3); and 

a selector (221) for selecting one of the trans- 
mission data (TX) and the reception data (BX) 
in accordance with an operating condition of the 
processing section (3) and outputting selected 20 
data to a transmitting end of the transmitting/ 
receiving section (2), the transmission data 
(TX) being outputted from the processing sec- 
tion (3) and the reception data (BX) being out- 
putted through the bypass path, wherein 25 
the selector (221) of the first data transmission 
apparatus (1) selects the reception data (BX) 
outputted through the bypass path, when the 
processing section (3) of the first data transmis- 
sion apparatus (1 ) is in a reset state where a 30 
data processing operation is suspended (S77). 

10. The data transmission system according to claim 9, 
wherein the data transmission apparatuses (1) 
each further comprises a control section (4) for con- 
trolling operations of its own processing section (3) 
and its own transmitting/receiving section (2) 
wherein 

the control section (4) of the first data trans- 
mission apparatus (1) controls the processing sec- 
tion (3) of the first data transmission apparatus so 
as to maintain its reset state (S77). 
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11. The data transmission system according to claim 
10, further comprising transmission lines (12) for 
communicably interconnecting the control sections 
of the respective data transmission apparatuses 
(4), wherein 

the control section (4) of the first data trans- 
mission apparatus (1) controls the processing sec- 
tion (3) of the first data transmission apparatus so 
as to maintain its reset state, in accordance with an 
instruction inputted through the transmission line 
(12) (S77). 

12. The data transmission system according to claim 7 
wherein the transmitting/receiving section (2) com- 
prises: 
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a data mapping section (222) for generating the 
transmission signal by mapping symbols of the 
transmission data (TX) to any of a plurality of 
signal levels; and 

an evaluation processing section (215) for gen- 
erating the reception data (BX and RX) based 
on evaluation levels for distinguishing and eval- 
uating each signal level of the transmission siq- 
nal. y 

The data transmission system according to claim 7, 
wherein the communication protocol used in the 
processing section (3) is defined by MOST (Media 
Oriented Systems Transport). 

14. A data transmission apparatus (1) interconnected 
with other data transmission apparatuses (1) via 
transmission paths (11) in aring configuration and 
performing transmission/reception of a transmis- 
sion signal with the other data transmission appa- 
ratuses, the data transmission apparatus compris- 
ing: 

a processing section (3) for processing trans- 
mission/reception data according to a predeter- 
mined communication protocol; and 
a transmitting/receiving section (2) for generat- 
ing a transmission signal based on transmis- 
sion data (TX) processed in the processing sec- 
tion (3) and outputting the transmission signal 
to another data transmission apparatus (1 ), and 
for generating reception data (RX) based on a 
transmission signal outputted from another da- 
ta transmission apparatus (1) and outputting 
the reception data to the processing section (3), 

wherein: 

in a first mode, the transmitting/receiving sec- 
tion (2) generates reception data (BX) based 
on a transmission signal outputted from anoth- 
er data transmission apparatus (1), generates 
a transmission signal based on the reception 
data (BX), and outputs the transmission signal 
to another data transmission apparatus (1) 
(S78); v ' 

in a second mode different from the first mode 
the transmitting/receiving section (2) generates 
reception data (RX) in response to a transmis- 
sion signal outputted from another data trans- 
mission apparatus (1) and outputs the recep- 
tion data (RX) to the processing section (3)- 
the processing section (3) processes the recep- 
tion data (RX) outputted from the transmitting/ 
receiving section (2), according to the commu- 
nication protocol, and outputs to the transmit- 
ting/receiving section (2) transmission data 
(TX) processed according to the communica- 
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tion protocol; and 

the transmitting/receiving section (2) generates 
a transmission signal based on the transmis- 
sion data (TX) outputted from the processing 
section (3) and outputs the transmission signal 
to another data transmission apparatus (1) 
(S21 and S50). 

15. The data transmission apparatus (1) according to 
claim 1 4, wherein the transmitting/receiving section 
(2) comprises: 

a bypass path for outputting the reception data 
by bypassing the processing section (3); and 
a selector (221 ) for selecting one of the trans- 
mission data (TX) and the reception data (BX) 
in accordance with an operating condition of the 
processing section (3) and outputting selected 
data to a transmitting end of the transmitting/ 
receiving section (2), the transmission data 
(TX) outputted from the processing section (3) 
and the reception data (BX) outputted through 
the bypass path, wherein 
the selector (221) selects the reception data 
(BX) outputted through the bypass path, in ac- 
cordance with an instruction indicating the first 
mode and received from an outside of the trans- 
mitting/receiving section (2). 

16. The data transmission apparatus (1) according to 
claim 1 4, wherein the transmitting/receiving section 
(2) comprises: 



18. The data transmission apparatus (1) according to 
claim 1 7, further comprising a transmission line (1 2) 
for communicably connecting the control section (4) 
to another data transmission apparatus (1 ), wherein 

5 the control section (4) controls the processing 

section (3) so as to maintain its reset state, in ac- 
cordance with an instruction indicating the first 
mode and inputted through the transmission line 
(12) (S77). 

10 

19. The data transmission apparatus (1) according to 
claim 14, wherein the transmitting/receiving section 
(2) comprises: 

/5 a data mapping section (222) for generating the 

transmission signal by mapping symbols of the 
transmission data (TX) to any of a plurality of 
signal levels; and 

an evaluation processing section (21 5) for gen- 
20 erating the reception data (BX and RX) based 

on evaluation levels for distinguishing and eval- 
uating each signal level of the transmission sig- 
nal. 

25 20. The data transmission apparatus (1) according to 
claim 1 4, wherein the communication protocol used 
in the processing section (3) is defined by MOST 
(Media Oriented Systems Transport). 
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a bypass path for outputting the reception data 
by bypassing the processing section (3); and 35 
a selector (221) for selecting one of the trans- 
mission data (TX) and the reception data (BX) 
in accordance with an operating condition of the 
processing section (3) and outputting selected 
data to a transmitting end of the transmitting/ 40 
receiving section (2), the transmission data 
(TX) outputted from the processing section (3) 
and the reception data (BX) outputted through 
the bypass path, wherein 

the selector (221) selects the reception data 45 
(BX) outputted through the bypass path, when, 
in the first mode ( the processing section (3) is 
in a reset state where a data processing oper- 
ation is suspended (S77). 

50 

17. The data transmission apparatus (1) according to 
claim 16, further comprising a control section (4) for 
controlling operations of the processing section (3) 
and the transmitting/receiving section (2), wherein 

the control section (4) controls, in the first 55 
mode, the processing section (3) so as to maintain 
its reset state (S77). 
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